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(54) Optical head apparatus tor dmerent types of disks 

(57) In an opUcal head apparatus lor two or more 
diff^ent types of discs (A. A. B). thereare pr(j«ed a 
first Bght source (11) for a first wavelength "g^b^"^-^ 
second light source (12) for a second wavelength l.gW 
beam, and an objective lens (6. 6'. CT) for leading Vne 
first and second wavelength light beams to one ofthe 
discs. A holographic optical element (S". 5") is provided 
to converge or diverge only one of the first and secorvl 
wavelength light beams. Or. an aperture limiting ele- 
ment (2801) feproNHded to adjust an eflecfivenumen^ 
aperture ofthe objective lens tor only one of the first ana 
second wavelength light beams. 
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Descriptioii 

The present invention relates to an optical head apparatus for different types of disks which have different thick- 
nesses and/or different densities. 

5 A first prior art optical head apparatus has been known for two types of disks. i.e.. a high density thin disk such as 
a 0.6 mm thld< digital video disk and a low density thick disk such as a 1 5 mm thic^ compact disk (see : YKomma et 
al.. "Dual Focus Optical Head for 0.6 mm and 1 .2 mm Disks", Optical Review Vol, 1 , No. 1 , pp. 27-29, 1 994). This first 
prior art optical head apparatus includes a single light source for a light beam, an objective lens for leading the light 
beam to one of the disks, and a holographic optrcal element for splitting the light beam into a zeroth order light beam 

10 (transmission light beam) and a + 1st order diffraction light beam As a result, the transmission light beam passes 
through the objective lens, so that this light beam can be focused at one type of the disks, on the other hand, the + 1st 
order diffraction light beam passes through the objective lens, so that this light beam can be focused at another type of 
the disks. This wil) be explained later in detail. 

In the above-described first prior art apparatus, however, since the inckJent tight beam Is split Into the transmission 

IS light beam and the + Ist ofder diffraction light beam, the efficiency of the light beam is low. this reducing the signal-to- 
noise (S/N) ratio. 

A second prior art optical head apparatus has been known for two types of disks, i.e., a Ngh density thick disk such 
as a 1 .2 mm thick digital vkJeo disk and a low density thick disk such as a 1 .2 mm thick compact disk. This second prior 
art optical head apparatus includes a single light source for a tight beam and an objective lens for leading the light beam 
^ to one of the disks. This will t>e explained later in detail. 

In the above-described secorxi prior art apparatus, however, it is actually impossible to read the two types of disks 
whose densities are different 

It is an object of the present invention to provkJe an optimum optical head apparatus for different types of disks. 

According to the present inventfon. in an optfoal head apparatus for two or more different types of disks, there are 
25 provkJed a first light source for a first wavelength light beam, a second light source for a second wavelength fight beam, 
and an objective lens for leading the first and second wavelength light beams to one of the disks. A holographic optical 
element Is provided to converge or diverge only one of the first and second wavelength fight beams. Or. an aperture 
limiting element is provided to adiust an effective numerical aperture of the objective lens for only one of the first and 
second wavelength light beams. 
30 The present invention will be more clearly understood from the descriptfon as set forth betow. in comparison with 
the prior art, with reference to the accompanying drawings, wherein: 

Rg. 1 is a diagram illustrating a first prior art optical head apparatus; 
Rg. 2 is a plan view of the holographic optical element of Rg. 1 ; 
35 Rgs. 3A and 36 are cross-sectional views of the holographic optical element of Fig. 1 ; 
Rg. 4 is a diagram illustrating a second prior art optical head apparatus: 

Rg. 5 is a diagram illustrating a first enrtbodiment of the optical head apparatus according to the present inventfon; 
Rgs. 6A and 6B are cross-sectional views of a part of the holographic optical element of Rg. 5; 
Rg. 7 is a cross-sectional view of the entire holographic optical element of Rg. 5; 
40 Rg. 8 is a diagram illustrating a second embodiment of the optical head apparatus according to the present inven- 
tfon; 

Rg. 9 is a cross-sectional view of the entire holographic optical element of Rg. 8; 

Rgs. 10A, 10B, 11 A, 1 1B. 12A. 12B, ISA and 13B are diagrams of the interference fiter of Rgs. 5 and 8; 

Rg. 14 is a detailed diagram of a first example of the module of Rgs. 5 and 8; 
45 Rgs. 1 5A and 1 SB are enlarged diagrams of the laser diode and the photodetector of Fig. 1 4; 

Fig. ISA is an enlarged plan view of the grating of Rg. 14; 

Rg. 168 is an enlarged plan view of the holographic optical element of Rg. 14; 

Rg. 17 is an enlarged plan view of the photodetector of Rg. 14; 

Fig. 18 is a detailed dia^m of a second example of the module of Figs. 5 arxj 8; 
so Figs. 1 9 is an enlarged cross-sectional view of the polarizing polographic optical el^ent of Rg. 18; 

Rg. 20 is an enlarged plan view of the polarizing holographic optical element off Fig. 18; 

Fig. 21 is an enlarged plan view of the photodetector of Rg. 18; 

Fig. 22 IS a detailed diagram of a tNrd example of the module of Rgs. 5 and 8; 

Fig. 23A is an enlarged plan view of the polarizing grating of Rg. 22; 
ss Fig. 23B is an enlarged plan view off the holographic optical element of Rg. 22; 

Rg. 24 Is a cross-sectional view of the microprism of Rg. 22; 

Rg. 25 is an enlarged plan view of the photodetector of Rg. 22; 

Rg. 26 is a diagram illustrating a tiiiid embodiment of the optical head apparatus according to the present invention; 
Fig. 27 is a cfiagram illustrating a fourth embodiment of the optical head apparatus according to the present inven- 
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tion; 

Fig. 28 is a diagram illustrating a fifth embodiment of the optical head apparatus according to the present inveition: 
Rg. 29A fs a plan view of a first example of the aperture limiting element of Fig. 28; 
Fig. 29B is a cross-sectional view taken along the line B-B of Fig. 29A; 
5 Rg. 30A is a plan view of a second example of the aperture limiting element of Fig. 28; 
Rg. SOB Is a cross-sectional view taken along the line B-B of Rg. 30A; 
Rg. 31 A is a plan view of a third example of the aperture limiting element of Rg. 28; 
Rg. 31B is a cross-sectional view taken along the line B-B of Fig. 31 A; 

Fig. 32 is a cfiagram illustrating a sixth embodiment of the optical head apparatus according to the present inven- 
10 tion; 

Fig. 33 is a cross-sectional view of a first example of the aperture limiting holographic optical element of Rg. 32; 
Rg. 34A is a front plan view of the element of Fig. 33; 
Figs. 34B is a rear plan view of the element of Fig. 33; 

Fig. 35 is a cross-sectional view of a second example of the aperture limiting holographic optical element of Rg. 32; 
IS Rg. 36A is a front plan view of tiie element of Fig. 35; and 
Figs. 36B is a rear plan view of tiie element of Rg. 35. 

Before the description of the preferred embodiments, prior art optical head apparatuses will t>e explained with ref- 
erence to Rg& 1 , 2, 3A. 3B and 4. 
20 In Rg. 1 , which illustrates a first prior art optical head apparatus (see: Y. Komma et al, "Dual Focus Optical Head 
for 0.6 mm and 1.2 mm Disks". Optical Review. VdI. 1, No. 1. pp. 27-29. 1994). reference A designate a high density 
thin disk such as is an about 0.6 mm thick digital video disk, and B is a low density thick disk such as an about 1 .2 mm 
thick compact disk-recordable (CD-R). Note that only one of tiie disks A and B is mounted on tiie apparatus. 

In Rg. 1 , reference numeral 1 designates a laser diode for emitting a light beam to a half mirror 2. and reference 
25 numeral 3 designates a quadrant photodetector. Provided between the half mirror 2 and tiie disk A (or B) are a collima- 
tor lens 4. a holographic optical element 5 and an objective lens 6. Alsa provided between the half min^or 2 and tiie pho- 
todetector 3 is a concave lens 7. 

About haH of tiie light beam emitted from tiie laser diode 1 is reflected at the half min^or 7 and is incident to tiie col- 
limator lens 4 which generates a coliimated light beam. The collimated light beam is inckJent to tiie holographic optical 
30 element 5. 

A zerotii order light beam (f ansmission light beam) of the holographic optical element 5 is incident as a coHimated 
light beam to tiie objective lens 6. and tiien. is focused on tiie disk A. A rejected light beam from the disk A is again 
incident via tiie objective lens 6 to the holographic optical element 5. and is split into a zerotii order light beam (trans- 
mission right beam) and a + Ist order diffraction light beam at the holographic optical element 5. 
35 On tiie other hand, a + 1 st order diffraction light k>eam of tiie holographic optical element 5 is incident as a divergent 
light beam to tiie objective lens 6 and ttien. is focused on tiie disk B. A reflected light beam from tiie disk B is again 
incident via the objective lens 6 to the holographic optical element 5. and is split into a zeroth order light beam (trans- 
mission light beam) and a -i- 1 st order diffraction light beam at tiie holographic optical element 5. 

The transmission light beam at tiie hofographic optical element 5 of the reflected light beam from the disk A and the 
40 + 1 St order diffraction light beam at tiie holographic optical element 5 of the reflected light beam from tiie disk B are Inci- 
dent as collimated light beams to the collimator lens 4. 

Half of the light beam passed through the collimator lens 4 passes through the half mirror 2. and furtiier passes 
through the concave lens 7 to reach the photodetector 3. 

In the photodetector 3. a focusing error signal is detected by an astigmatism method using astigmatism generated 
45 at tiie half mirror 2, and a tiacking en-or signal is detected by a push-pull mettiod. Also, an information signal is detected 
by a sum of the four outputs of the photodetector 3. 

The objective lens 6 has a spherk^ aberration capable of compensating for a spherical aberration caused when 
tiie outgoing transmission light beam of the objective lens 6 is incident to tiie disk A and returns ttierefrom. Therefore, 
the zerotii order light beam (transmission light beam) of the holographic optical element 5 can be focused at the disk A 
so witiiout aberrations. On the otiier hand, the holographic optical element 5 has a spherical aberration capable of com- 
pensating for a sum of a sphencal aben^ation caused when tiie outgoing + 1st order diffraction light beam of tiie holo- 
grapNc optical element 5 is inckient to tiie disk B and returns therefrom and a spherical at>erration of tiie objective lens 
6 caused when the outgoing + Ist order diffraction light beam of the holographic optical element 5 is incident to the 
objective lens 6 and returns therefrom. Therefore, tiie 1st order diffraction light beam of tiie hofographic optical ele- 
55 ment 5 can be focused at tiie disk B witiiout aberations. 

In Rg. 2. which is a plan view of the holographic optical element 5 of Rg. 1. the holographic optical element 5 
includes concentric interference fringes. Therefbre. the holographic optical element 5 can compensate for tiie above- 
desaibed spherical at>err8tion of the 1st order diffraction light Ijeam. and also can serve as a concave lens for tiie + 
1st order diffraction light beam. As a result, tiie focal point of the + 1st order diffraction light beam at the disk B is far 
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from the focal point of the transrmsion light beam at the dsk A, so that the cGstance t>etween the surtoce of the disk A 
and the objective lens 6 can be about the same as the cfistance between the surface of the disk B and the objective lens 

In Rg. 3A. which is a cross-sectional view of the holographic optical element 5 of Rg. 1, the grating shape is rec- 
5 tangular. and as a result a spurious - 1 st order diffraction light beam as well as the + 1 st order diffraction light beam is 
generated, and in this case, the intensity of the - 1 st order diffraction light beam is about the same as that of the + 1 st 
order diffraction light beam. Thus, the efficiency of light is reduced. 

In Rg. 3B, which is also a cross-sectional view of the holographic optical element 5 of Rg. 1 . the grating shape is 
blazed, and as a result, the intensity of the + 1st order diffraction light beam is increased while the intensity of the - 1 st 
10 order diffraction ligfit beam is deo'eased. In this case, if the height of the saw-tooth portion is 2h, the refractive index ts 
n, and the wavelength of the incident light is K the transmittance r\ q arxi the diffraction efficiency n ^ i of + 1st order 
diffraction light are represemed by 

n o = (5in2*)/(>2 

IS 

^ ^1 =(sin^4»)/((t)-7i)^ (2) 

where ^ » 2n(n-1)h/X 

lf4»Bic/2,ii Q = T| = 0.405 . so that the efficiency of the going and returning light is n ^ ^ ^ = 0.164 . 

so Therefore, the amount of light received by the photodetector 3 is only 0.1 64 times as compared with a conventional opti- 
cal head apparatus, which reduces the S/N ratio of an information signal. In other words, if the power of the laser diode 
1 is increased to 6. 1 0 times as compared with the conventional laser diode for a non-dual fbcus optical head apparatus, 
the photodetector 3 receives light whose amount is the same as the conventional photodetector. Further, in order to 
write the disk A or B. the power of the laser diode 1 has to be further increased: however, it is actually impossible to 
^ further increase the power of the laser diode 1 . 

Further, in the first prior art optical head apparatus, the wavelength of the laser diode 1 for the disk A which is. in 
this case, a digital video disk is 635 to 655 nm to obtain a small focused spot. On the other hand, the wavelengtii of the 
laser diode 1 for the disk B wfiich is. in this case, a compact disk-recordable (CD-R) using organic dye material has to 
be 785 nm. so that a reflectivity higher that 70% is obtained. If the wavelength of the laser dode 1 is 635 to 655 nm, a 
30 reflectivity of only alx>ut 10% is obtained, so that it is impossible to read the CD-R. 

In Fig. 4. which illustrates a second prior art optical head apparatus. A* is a high density disk such as an about 1 .2 
nm thick digital video disK and the disk B is a tow density thick disk such as an about 1 .2 mm thick CD-R. Note that one 
of the disks A* and B is mounted on the apparatus. 

In Rg. 4. the hotographic optical element 5 of Rg. 1 is not provided, since the disks A and B have the same thick- 
35 ness. Note tiiat the radius of the focused spot at the disk A' or B is generally inversely proportional to tiie numerical 
aperture (NA) of the objective lens 6 and is proportional to the wavelength of the laser dkxJe 1 . 

For the disk A\ in order to decrease the focused spot in response to the high density, the numerical aperture of the 
objective lens 6 is made large, tor example, 0.52 to 0.6. and the wavelength of the laser diode 1 is made small, for exam- 
ple, 635 to 655 nm. 

40 On the other hand, for the disk B, since the tolerance of the disk tilt has to be large, so that it is necessary to sup- 
press the generation of coma caused by the disk tilt, the numerical aperture of the objective lens 6 is made small. Ibr 
example. 0.45. In addition, the CD-R type disk B is designed so tiiat a reflectivity of higher than 70% can be obtained 
for a 785 nm wavelength, the wavelength of the laser diode 1 is made about 785 nm. 

Thus, in the optical head apparatus of Rg. 4, two Mnds of numerical apertures are required for the objective lens 6 

4S in order to read the two kinds of disks A and B; therefbre. it is actually impossible for the optical head apparatus of Rg. 
4 to read the two kinds of disks A' and B. 

In Rg. 5. which illustrates a first embodiment of the present invention, modules 1 1 and 1 2 and an interference filter 
1 3 are provided instead of the laser diode 1 , the half minor 2. the photodetector 3 and the concave lens 7 of Rg. 1 . Also, 
the hoiographk: optical element 5 and the objective lens 6 of Rg. 1 are mocfified into a holographk: optical element 5* 

so and an objective lens 6*. respectively. 

The module 11 Includes a laser diode for a 635 nm wavelength light beam and a photodetector. vvhile the module 
12 includes a laser diode for a 785 nm wavelength light beam and a photodetector. TTie interference filter 1 3 transmits 
most of tiie 635 nm wavelength light beam therethrough, while the interference filter 13 reflects most of the 785 nm 
wavelength light beam. 

ss The 635 nm wavelength light beam emitted from the laser dkxie of the nrxxlule 1 1 passes through tiie interference 
filter 13 and is inckJent to the collimator lens 4 which generates a collimated light beam . The collimated light beam is 
incMent to the hdograpWc element 5*. Then, a zeroth order light beam (transmission light beam) of the holographic opti- 
cal element 5* is incident as a collimated light beam to tiie objective lens 6' and then, is focused on tiie disk A. A 
reflected light beam from the disk A is again incidem via the objective lens 6* to the hofographic optical element 5*. The 
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zeroth order light beam passes through the Interference filter 13 to reach the photodetector of the module 11 . 

On the other hand, the 785 nm wavelength light beam emitted from the laser diode of the module 1 2 is reflected by 
the interference filter 13 and is incident to the collimator lens 4 which generates a oollimated light beam . The collimated 
light beam is incident to the holographic optical element 5\ Then, a - 1st order diffraction light beam of the holographic 
5 optical element 5* is incident as a div«-gent light beam to the objective lens 6\ and then, is focused on the disk B. A 
reflected light beam from the disk B is again incident via the objective lens 6* to the holographic optical element 5*. The 
- 1 St order diffraction light beam is reflected by the interference filter 1 3 and reaches the photod^ector of the module 1 2. 

In Fig. 5, the objective lens 6* has a spherical aberration capable of compensating for a spherical aben^ation caused 
when the 635 nm wavelength outgoing transmission Gght beam of the objective lens 6* is incident to the disk A and 
10 returns therefrom. Therefore, the zeroth order 635 nm wavelength light beam (transmission tight beam) of the holo- 
graphic optical element 5* can be focused at the disk A without abenBtions. On the other hand, the holographic optical 
element 5* has a spherical at)erration capable of compensating for a sum of a spherical aberration caused when the 
785 nm wavelength outgoing - 1 st order diffraction light beam of the holographic optical element 5* is incident to the disk 
B and retums therefrom arxj a spherical aberration of the objective lens 6* caused when the outgoing * 1st order diffrac- 
ts tion 785 nm wavelength light beam of the holographic optical element 5* is incident to the objective lens 6* and returns 
therefrom. Therefbre. the - 1 st order diffraction 785 nm wavelength light beam of the holographic optical element 5' can 
be focused at the disk B without aberrations. 

Also, the holographic optical element 5* includes concentric interference fringes as illustrated in Rg. 2. Therefbre, 
the holographic optical element 5* can compensate for the above-described spherical aberration of the - Ist order dif- 
20 fraction 785 nm wavelength fight beam, and also can serve ae a concave lens for the - 1st order diffraction 785 nm 
wavelength light beam. As a result, the focal point of the - Ist order diffraction light beam at the disk B is feir from the 
focal point of the transmission light beam at the disk A, so that the distance between the surface of the disk A and the 
objective lens 6* can be aix>ut the same as the distance between the surface of the disk B and the objective lens 6*. 

In Figs. 6A and 6B. which are cross-sectional views of a part of the holographic optical element 5* of Fig. 5. the grat- 
25 ing shape is staircuse. For example, in order to fbrm the holographic optical element 5' of Fig. 6A. a first silicon oxide 
layer is deposited on a glass substrate 501 . and then a sificon oxkie pattem 502 Is formed by a photolithography proc- 
ess. Next, a second silicon oxide layer is deposited on the silicon oxide pattem 502. and then, silicon oxide patterns 503 
and 504 are simultaneously formed by a photolithography process. On the other hand, in order to form the holographic 
optical element 5* of Rg. SB. a glass substrate 505 is etched by a photolithography process to form a groove 506 within 
^ the glass suk)strate 505. Next, the glass siA)strate 505 Is etched t>y a photofithography process to form grooves 507 and 
508 within the glass sut)strate 505. 

In Figs. 6A and 6B, if the height of the staircase portion is IV2, the refractive index is n. and the wavelength of the 
incident light is X, the transmittance ti q. the diffraction efficiency n ^ ^ of the + 1st order diffraction light and the diffrac- 
tion efficiency ii . ^ of the - 1st order diffraction light are represented by 

3S 

n Q=^COS^{^f2)COS^{^/4) (3) 

n + 1 = (S/ic^) sin^^/2) cos^K* - n)/4)] (4) 

^ 11 . 1 « (8/n^) sin ^«»/2) COS^H* + ny4)] (5) 

where 4^ = 2n(n-1)h/X 

For example, if h s 2.76 ^m and n » i .46, then 

45 ^ 8 4n for X o 635 nm. Therefore, 

0 = n +1 =Oandii =0 
As a result, the efficiency of the going and returning 635 nm wavelength Gght Is 

so 

Thus, the S/N ratio of the information signal at the photodetector of the module 1 1 e almost the same as tiiat in the con- 
ventional non-dual focus optical head appratus. This also makes it possible to write the disk A. 
ss On the other hand. 

^ B 3.23n for X s 785 nm. Therefbre, 
Ti 0 s 0.0851, 1] ^ 1 « 0.023 and Ti . ^ = 0,685 
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As a result, the efficiency of the going and returning 785 nm wavelength light is 

Ti . 1 ^ = 0.471 

5 Therefore, the amount of light received by the photodetector of the module 12 is 0.471 times as corrparedwith a 
conventional optical head apparatus, so that the S/N ratio of the information signal is hardly reduced. Also, if the power 
of the laser diode of tiie nxxjule 12 is increased to 2.12 times as compared with the conventional laser diode for a non- 
dual focus optical head apparatus, the photodetector of the nrKxiule 12 receives light whose amount is the same as the 
conventional photodetector. Note that it is easy to inaease the power of the laser diode of the module 12 at such a level. 

10 Further, the wavelengtii of the laser diode of the module 12 for the disk B which is, In this case, a CD-R using 
organic dye material, is 785 nm. so that rt Is possil^le to write the CD-R. 

In Fig. 7. which is a cross-sectional view of the entire holographic optical element 5* of Rg. 5, reference D1 desig- 
nates an effective diameter of the objective lens 6*. In this case, concentric interference fringes are provided only inside 
an area having a diameter D2 smalls than the effective diameter D1. Therefore, the 635 nm wavelength light com- 

15 pletely passes through the inside of the area defined by the diameter D 1 . On the other hand. 68.8% of the 785 nm wave- 
length light is diffracted as a - 1st order diffraction light by the inside of the area d^ined by the diameter D2, while the 
785 nm wavelength light completely passes through the inside of the area defined by the diameter 02. Note that, if a 
focal length f of the objective lens 6 is 2.6 mm and the diameters D1 and D2 are 1 .56 x 2 mm and 1.17x2 mm, respec- 
tively, the effective numerical aperture for the 635 nm wavelength light Is D1/2f a 0.6 , and the effective numerical aper- 

sso ture for the 785 nm wavelength light is D2y2f ■ 0.45 . 

In Fig. 8. which flluetrates a second embodiment of ttie present invention, ttie holographic optical element 5' and 
the objective lens 6* of Fig. 5 are modified into a holographic optical element 5*" and an objective lens 6". respectively. 

The 635 nm wavelength light beam emitted from the laser diode of the module 1 1 passes through the interference 
filter 13 and is incident to the colBmator lens 4 which generates a ooliinriated light t>eam. The collimated light k>eam is 

25 incident to tiie holographic optical element 5**. Then, a 4- Ist order diffraction light beam of the holographic optical ele- 
ment 5** Is incident as a convergent ight beam to the objective lens 6**. and tiien. is focused on the disk A. A reflected 
light beam from the cfisk A Is again incident via the objective lens 6" to the holographic optical element 5". The + Ist 
order diffraction light beam passes through the interference filter 1 3 to reach the photodetector of tiie module 1 1 . 
On the otiier hand, tiie 785 nm wavelength light beam emitted from the laser diode of the module 1 2 Is reflected k)y 

30 the interference filter 13 and Is incident to the collimator lens 4 which generates a collimated light beam . The collimated 
light beam is incident to the holographk: optical element 5". Then, a zerotfi order light beam (transmission light beam) 
of tiie holographic optical element 5** is inckient as a collinrated light beam to the objective lens 6**, arxJ then, is focused 
on the disk B. A reflected light beam from the disk B is again incident via the objective lens 6" to the holographic optical 
element 5**. The zerotii order light beam is reflected by tiie interference fitter 13 and reaches the photodetector of the 

35 module 12. 

In Fig. 8, the objective lens 6** has a spherical aberration capable of compensating for a spherical aberratton caused 
when tiie 785 nm wavelengtii outgoing transmissfon light beam of the oksjective lens 6" is incident to tiie disk B and 
retums therefrom. Therefore, tiie zerotii order 785 nm wavelengtii light t>eam (transmission light beam) of ttie holo- 
graphic optical element 5" can be footed at tiie disk B without at>errations. On tiie otiier hand, the hok>graphk: optical 

40 element 5" has a spherica] atierration capable of compensating for a sum of a spherical aberration caused when tiie 
635 m wavelength outgoing 1 st order diffraction light beam of tiie holographic optical element 5*' Is IncMent to the disk 
A arKi retums therefrom and a spherical at)enration of the ot)jective lens 6" caused when the outgoing + 1st order dif- 
fraction 635 nm wavelength light beam of the holographic optical elment 5** is incident to the objective lens 6** and 
returns therefrom. Therefore, the 1st order diffraction 635 nm wavelength light beam of the holographic optical ele- 

45 ment 5** can be focused at tiie disk A without aberrations. 

Also, the holographic optical element 5** includes concemrk; interference fringes as illustrated in Rg. 2. Therefore, 
the holographic optical element 5" can compensate for the above-described spherical aberration of the -i- 1st order dif- 
fraction 635 nm wavelength light beam, and also can serve as a convex lens for the + 1 st order diffraction 635 nm wave- 
length light beam. As a result, the focal point of the -i- Ist order diffraction light beam at the disk A is near from the focal 

so point of the taBnsmission light beam at the disk 6. so that the distance between the surface of the disk A and the objec- 
tive lens 6** can be about the same as the distance between the surface of the cfisk B and the objective lens 6**. 

The hofographic optical element 5** of Fig. 8 is also illustrated in 6A and 6B. For example, in tiie above-men- 
tioned formulae (3). (4) and (5). if h o 3.45 |im and n » 1 .46, tiien 

55 4» B 57C for X s 635 nm 

Therefore, 

n 0 = 0» ♦ 1 = 0.81 1 and q . ^ = 0 



6 



EP0 747 893A2 



As a result, the efficiency of the going and returning 635 nm wavelength fight is 



n ^1 



^ « 0.658 



5 



On the other hand. 



^ ss 4.04 n for X 8 785 nm 



Therefore, 



10 



^ 0 



= 0.955 ti 



= 0.002 and n . ^ t= 0.001 
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As a result, the efficiency of the going and returning 785 nm wavelength Gght is 

r\ 0^ « 0.990 



Thus, the diffraction efficiency of the -i- 1st order diffraction light is increased while the diffraction efficiency of the - 
1st Older diffraction light is decreased. 

Therefore, the anrxxjnt of light received by the photodetector of the module 1 1 is 0.658 times as compared with a 
20 conventional optical head apparatus, so that the S/N ratio of the information signal is hardly reduced. If the power of the 
laser diode of the module 1 1 is increased to 1 .52 times as compared with the conventional laser diode for a non-dual 
focus optical head apparatus, the photodetector of the nrxxlule 1 1 receives liglit whose amount is the same as the con- 
ventional photodetector. Note that it is easy to increase the power of the laser diode of the module 1 1 at such a level. 
Therefore, the S/N ratio of the infonmation signal at the photodetector of the module 1 2 Is almost the same as that 
25 in the conventional non-dual focus optical head apparatus. This also makes it possible to write the cfisk B. 

Further, the wavelength of the laser diode of the module 12 for the disk B which is in this case, a CD-R using 
organic dye material is 785 nm, so that it is possible to read the CD-R. 

In Rg. 9. which is a cross-sectionai view of the entire holographic optk^al element 5** of Fig. 8 reference 01 desig- 
nates an effMive diameter of the objectivelens 6". In this case, concentric interference fringes are provided on the 
so entire area. Alsa an interference filter layer 509 and a phase compensation layer 51 0 are provided only outside the area 
having diameter D2 smaller than th diameter D1 . The interference filter layer 509 completely passes tiie 635 nm wave- 
length light therethrough, whfle the interference filter laye 509 completely reflects the 785 nm wavelength light The 
phase compensation laye 510 adjusts a phase difference in between tfie 635 nm wavelength light passed through the 
interference filter layer 509 and the phase compensation layer 510 and the 635 nm wavelength light passed through the 
35 air, so that this phase difference is brought close to 2n. Therefore. 81 .8% of the 635 nm wavelength light is diffracted an 
the + 1st order diffraction fight by the inside of the area defined by the diameter D1. On the other hand. 99.5% of the 
785 nm wavelengtii light passes ttirough the inside of the area defined by the diameter D2. while the 785 nm wave- 
length light is completely reflected by the outside the area defined by the diameter D2. Note that if a focal length f of 
the objective lens 6" is 2.6 mm and the diameters 01 and D2 are 1 .56 x 2 mm and 1 . 1 7 >c 2 mm, respectively, tiie effec- 
40 tive numerical aperture for the 635 nm wavelengtii light is Dl/2f s 0.8 and tiie effective numerical aperture for tiie 785 
nm wavelength light Is D2/2f = 0.45 . 

Note that the phase compensation layer 510 as well as the glass sut>strate 501 can be formed by one glass sub- 
strate. Alsok tiie staircase portion (502, 503. 504} as well as tiie glass substrate 501 can be formed by one glass sub- 
strate as Illustrated in Fig. 6B. 

45 Further, the holographic optical element 5' or 5" of Fig. 5 or 8 can be fbrmed directiy on the objective lens 6* or 6" 



In Rgs. 10A and 10B, wNch are cross-sectional views of an exanY>le of tiie interference filter 13 of Figs. 5 and 8, 
a dielectric multilayer film 131 is sandwiched k>y two glass bfocks 132 and 133. As illustrated in Rg. 10A. tiie 635 nm 
wavelength light is incident at an angle of 45 * to the dielectric multilayer film 131 and completely passes therettirough. 
so On tiie otiier hand, as illustrated in Fig. 108, tiie 785 nm wavelength light is incident at an angle of 45'' to the dielectric 
multilayer fim 131 and is completely reflected thereby. 

In Rgs. 1 1 A and 1 1 B. which are cross-sectional views of another example of tiie interference filter 1 3 of Figs. 5 and 
8, dielectric multilayers 134 amd 135 are sandwiched by three glass blodcs 136, 137 and 138. As illustrated in Rg. 1 1 A, 
the 635 nm wavelength light is incident at an angle of 22.5'' to tiie dielectiic multilayer film 135 and completely passes 
55 therettirough. On the otiier hand, a illustrated in Fig. 1 1 B. tiie 785 nm wavelengtii light is incident at an angle of 22.5** 
to tiie dielectric multilayer films 134 and 135 and is completely reflected tiiereby. 

If tiie wavelength of the laser diode of the module 1 1 of Rgs. 5 and 8 is 785 nm and tiie wavelengtii of tiie laser 
diode of tiie module 12 of Rgs. 5 and 8 is 635 nm. tiie elements 131 through 138 of tiie interference filter 13 of Figs. 
10A and 10B are nxxiified. In this case, tiie 785 nm wavelength light completely passes through tiie interference filter 



of Figs. 5 or 8. 
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13. while the 635 nm wavelength light completely reflected by the interference filter 13 as shown In Figs. 12A and 
13B. 

Note that, if the polarization direction of the outgoing light of the laser diode is the same as that of reflected light 
from the disk A or a polarizing beam splitter can k>e used Instead of the interference filter 13. For example, the 635 

5 nm wavelength light is incident as a P polarization light to the polarizing beam splitter, so that the 635 nm wavelength 
light completely passes therethrough. On the other hand, the 785 nm wavelength light is incident as an S polarization 
light to the polarizing beam splitter, so that the 785 nm wavelengtii light is completely reflected thereby. 

A first example of the module 11(12) of Rgs. 5 and 8 is explained next with reference to Figs. 14. 15A. 158. 16A. 
16B and 17. This module is suitable for a read-only disk. 

10 In Fig. 14. the module 11(12) includes a padiage 1401 containing a laser diode 1402 and a photodetector 1403. 
Also, provided on a window of the package 1401 are grating 1404. a spacer 1405 and a holographic optical element 
1408. Note that each of ttie grating 1404 and tiie holographic optical element 1406 is formed by patterning silicon oxkJe 
on a glass substrate. 

An outgoing light beam from the laser diode 1402 is split into a zeroth order light beam, (transmission light beam) 
75 a -I- 1 st order diffraction light beam and a - 1 st order diffraction light beam at the grating 1 404. Then, about 50% of each 
of the transmission light beam, the -f 1st order diffraction light beam arKi the - 1st order diffraction light beam passes 
through the holographic optical element 1406. 

About 40% of an incoming light beam from tiie disk A or B is split into a + Ist order diffraction light beam and a - 
l8t order diffraction light beam at the hok)grapN'c optical element 1 406. The -i- 1 st order diffraction light beam and the - 
so 1 st order diffraction light t>eam are incident to the photodetector 1 403. 

In Fig. 15A. which is an enlarged diagram of tiie laser diode 1402 and the photodetector 1403 of Fig. 14. the laser 
diode 1402 is mounted via a heat sink 1 501 on tiie photodetector 1403. Also, a mirror 1502 is nnounted on the photo- 
detector 1403. Therefore, a light t^m is emitted from the skie of the laser dkxle 1402 and is reflected by the mirror 
1502. so that the fight beam outgoes upwsfd. 
25 In Fig. 156. which is also an enlarged dBagram of tiie laser diode 1402 and tiie photodetector 1403 of Fig. 14. the 
laser diode 1402 is mounted in a recess 1403a of the photodetector 1403. Also, a mirror 140db is formed by etching tiie 
photodetector 1403. Therefore, a light beam is emitted from the skie of the laser diode 1402 and is reflected by tiie mir- 
ror 1 403b. so that the light beam outgoes upward. 

In Fig. 16A. which is a plan view of the grating 1404 of Fig. 1 4. linear interference fringes are formed only on a cen- 
30 tral portion 1 404a of tiie grating 1 404. The outgoing fight beam from tiie laser diode 1 402 passes through an area inside 
the central portion 1 404a. while the incoming light beam from tiie disk A or B passes through an area outside the central 
portion 1404a. 

In Fig. 16B. wfiich is a plan view of the holographic optical element 1406 of Fig. 14. offaxiai concent-ic interference 
fringes are formed on tiie entire surfece. As a resUt the Olographic optical element 1406 serves as a convex tens for 

3S the 1 st order diffraction light, and serves as a concave lens for the - 1 st order diff ractian light 

In Fig. 17, wNch te an enlarged plan view of tiie photodetector 1407 of Ftg. 14. reference numerals 1701 ttirough 
1710 designate photodetecting portions, and 1711 through 1716 designate beam spots. In this case, when the holo- 
graphic optical element 1406 receives tiie outgoing zerotii order (transmission) light beam from the grating 1404, the 
incoming + l^ order diffraction light beam from tiie holographic optical element 1406 forms tiie beam spot 171 1. and 

40 the incoming - 1st order diffraction light beam from the holographic optical element 1406 forms the beam spot 1712. 
Also, when tiie hdographto optical element 1406 receives ttie outgoing -i- 1st order light beam from tiie grating 1404, 
the incoming ± 1st order diffraction light beams from the holograpNc optical element 1406 form the beam spots 1713 
and 1714. Furtiier. when the holographic optical element 1406 receives the outgoing - 1st order diffraction light beam 
from tiie grating 1404. the incoming ± 1st order diffraction light beams from tiie holographic optical element 1406 form 

45 the beam spots 1715 and 1716. 

The photodetecting portions 1701, 1702. 1703. 1 707 and 1709 are located at the backwardward of ttie focal points, 
while the photo/elector conversion portions 1704, 1705. 1706. 1706 and 1710 are located at the fonrvard of the focal 
points. 

In the photodetector 1403. a focusing error signal Vf is calculated by using a known spot size metiiod: 

so 

V, = V (1701) + V (1703) + V (1705) - V (1702) - V (1704) - V (1706) 
Also, a tracking enor signal V | is calculated using a known 3-beam method: 
55 V, = V (1707) + V (1708) - V (1709) • V (1710) 

Further, an information signal V ^ is calculated by 

V, = V (1701) + V (1702) + V (1703) + V (1704) + V (1705) + V (1706) 



8 



EP0747 893A2 

Here. V (1701), V (1702), • • V (1710) are otrtputs of thephotodetecting portions 1701, 1702, • • 1710. respec- 
tively. 

A second ©cample of the module 11 (12) of Figs. 5 and 8 is explained next with reference to Figs. 18. 19. 20 and 
21 . This nrK>dule is suitable for a write-once type disk a a rewritable phase diange disk. 
5 In Fig. 18. the module 1 1(12) includes a package 1801 containing a laser diode 1802 and a photodetector 1803. 
Also, provided on a window of the package 1001 are polarizing holographic optical element 1804 and a quarter wave 
plate 1805. 

An ordinary light beam completely passes through the polarizing holographic optical element 1804. while an 
extraordinary light beam is completely diffracted by the polarizing holographic optical element 1 804. Therefore, the out- 

10 going light beam from the laser dkxJe 1 802 Is Incident to the polarizing holographic optk^al element 1804 as the ordinary 
light and completely passes therethrough, and then, the quarter wave plate 1805 converts a linearly polarizing light -to* 
a circularly polarizing light. The circularly polarizing light is incident to the disk A or B. Conversely, the quarter v^ve 
plate 1805 converts a circularly polarizing light -to- a linearly polarizing light, and then, the incoming light beam from the 
disk A or B is incklent to the polarizing holographic optical element 1804 as an extraordinary light is completely dif- 

15 fracted thereby. As a resuH, about 80% of the abnormal light is diffracted as ± 1st order diffraction light and is received 
by the photodetector 1803. 

As illustrated in Rg. 19, which is a cross-sectional view of the polarizing holographic element 1804 of Rg. 18. the 
polarizing holographic optical element 1804 includes a lithium niobate substrate 1901 having a birefringent character- 
istics and a proton exchanged region 1902 and a phase compensation film 1903 on the substrate 1901. 
so Also, as illustrated in Fig. 20, which is a plan view of the polarizing holographk: optical element 1804, interference 
fringes are split into four regtons 2001 , 2002. 2003 and 2004. Note that an optic axis 2005 is perpendicular to the direc- 
tion of polarization of the outgoing light beam of the laser diode 1802. 

Also, the laser cfiode 1802 is mounted on the photodetector 1803 in the same way as shown in Rg. ISA or 158. 
In Rg. 21 . which is an enlarged plan view of the photodetector 1803 of Rg. 18. reference numerals 2101 through 
25 2108 designate photodetecting portions, and 21 1 1 through 21 18 desic^te beam spots. The -f Ist order diffraction light 
beam from the region 2001 forms the beam spot 21 1 1 . and the -1 st order diffraction light beam from the area 2001 
forms the beam spot 2115. Also, the + 1st order diffraction light beam from the area 2002 forms the beam spot 21 12. 
and the - 1st order diffraction fight beam from the area 2002 forms the beam spot 21 16. Further, the ± 1st order diffrac- 
tion light beams from the region 2003 form the beam spots 21 13 and 21 17. and the ± Ist order diffraction light beams 
30 from the region 2004 form the beam spots 2114 and 21 1 8. 

In the photodetector 1803, a focus error signal Vf is calculated by using a known FoucauK method: 

V| = V (2101) + V (2104) - V (2102) - V (2103) 

35 Also, a track error signal Vt is calculated by using a known push-pull method: 

V, «V (2105) -V (2106) 

Further, an Information signal is calculated by 

40 

V, = V (2107) + V (2108) 

Here. V (2101). V (2102), • • « . V (2108) are outputs of the photodetecting portions 2101, 2102, • • • , 2108, respec- 
tively. 

45 A third example of the module 1 1 (12) of Rgs. 5 and 8 is explained next with reference to Figs. 22. 23A, 238 24 and 
25. This module is suitable for a rewritak)le magneto-optical disk. 

In Rg. 22, the module 1 1(12) includes a package 2201 containing a laser dkxie 2202, a photodetector 2203. and 
microprisms 2204 and 2205. Also, provkied on a window of the package 2201 are a hofographk: optical element 2206. 
a spacer 2207 and a polarizing grating 2208. 

so The polarizing grating 2208 has the same configuration as the polarizing honographic optical element 1804 of 
Rgs. 1 8, 1 9 and 20. That is. an ordinary light beam partly passes through the polarizing holographic grating 2208. while 
an extraordinary fight t)eam is completely diffracted by the polarizing grating 2208. Therefore, about 80 % of the outgo- 
ing light beam from the laser diode 2202 passes through the hofographic optical element 2206. to reach the polarizing 
grating 2208 as the ordinary light Then, about 90% of the light passes through the polarizing grating 2208 to reach the 

55 disk A or 8. Conversely, about 8% of the ortfinary component and about 80% of the extraordinary component of the light 
reflected by the disk A or B are diffracted by the polarizing grating as the ± 1st order diffraction light Then, the + 1st 
order diffraction light is received via the miaoprism 2204 by ftxe photodetector 2203, and the - let order diffraction light 
is received via the microprism 2205 by the photodetector 2203. Also, about 20% of the adinary component of the light 
reflected by the disk A or 8 passes through the polarizing grating 2208, to reach tine holographic optical element 2506. 
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Then, BboxA 10 % of the Cght m drffracted as the ± 1st order dmraction light and is received by the photodetector 2203. 

In Ftg. 23A, which is a plan view of the polarizing grating 2208 of Fig. 22. an optid oxis 2301 is perpendicijlar to the 
direction of polarization of the outgoing light beam of the laser diode 2202. 

In Fig, 23B, which is a plan view of the holographic optical element 2206 of Fig. 22, interference fringes are fbnned 
5 only on a central portion of the holographic optical element 2206. Also, the interference fringes are split into tour region 
2302. 2303. 2304 and 2305. 

The light reflected by the disk A or B is incident to the polarizing grating 2208 which generates a zeroth order (trans- 
mission) light beam and ± 1st order diffraction light beam. Then, the transmission light beam passes through the area 
inside the interference fringe regions 2302 to 2305. while the ± 1st order dtffraction light beam passes through the area 
10 outside of the interference fringe regions 2302 to 2305. 

In Fig. 238, note that the interference fringes in the regions 2302 and 2303 have an offaxiai concentric pattern. As 
a result, the areas 2302 and 2303 serve as a convex lens for the + 1st order diffraction light, and sen^e as a concave 
lean for the - 1st order diffraction light. 

in Rg. 24, which is a cross-sectional view of the microprlsm 2204 (2205) of Fig, 22. three glass blocks 2401 , 2402 
IS and 2403 are adhered by two dielectric multilayer f lims 2404 and 2405. As a result, a P polarization component of an 
incident Gght beam 2206 completely passes through the dielectric multilayer film 2408. so that a transmission light beam 

2207 is obtained. On the other hand, an 8 polarization component of the incident light beam 2206 Is completely 
reflected twice the dielectric multilayer films 2405 and 2404, so tiiat a reflection light beam 2208 is obtained. 

In Fig. 25, which is an enlarged plan view of the photodetector 2203 of Rg. 22, reference numerals 2501 througti 
20 2514 designate photodetecting portions, and 2521 through 2532 designate beam spots. 

The + 1st order diffraction light beam from the polarizing grating 2208 is split at the microprism 2204 into a trans- 
mission ight beam and a reflection light beam, so tiiat the transmission light beam forms the beam spot 2521 and tiie 
reflection light beam forms the beam spot 2522. Also, the - Ist order diffraction light beam from the polarizing grating 

2208 is split at the microprism 2205 Mo a transmission light beam and a reflection light beam, so that the transmission 
ss light beam fomns the beam spot 2523 and the reflection light beam forms the beam spot 2524. 

On tiie other hand, the + 1st order diffraction light beam from the regions 2302 and 2303 of ttie holo^^hic optical 
element 2206 form tiie beam spots 2525 and 2526. and tiie - 1st order diffraction light beam from the regions 2302 and 
2303 of tiie holographic optical element 2206 form the beam spots 2527 and 2528. Note that the photodetecting por- 
tions 2505, 2506 and 2507 are located at the backward of the focal points, white the pohto/electro conversion portions 
30 2508. 2509 and 251 0 are located at tiie forward of the focal points. 

Further, the ± 1st order diffraction light beams from the region 2304 of the holographic optical element 2206 form 
the beam spots 2529 and 2531 . and the ± 1 st order diffraction light beams from the area 2305 of the holographic optical 
element 2206 form the beam spots 2530 and 2532. 

In the photodetector 2203. a focusing error signal Vf is calculated by using a known spot size method: 

55 

V| = V (2505) + V (2507) + V (2509) - V (2506) - V (2508) - V (2510) 
Also, a tracking error signal V t is calculated using a known pusfvpull mettiod: 
40 V, a V (2511) + V (2514) - V (2512) - V (2513) 

Further, an information signal V| is calculated ty 

V , « V (2501) + V (2503) - V (2502) - V (2504) 

45 

Here, V (2501), V (2505), • • • , V (2514) are outputs of the photodetecting portions 2501 , 2505, • • • , 2514, respec- 
tively. 

In Fig. 26, which illustrates a third embodiment of the present invention, a laser diode 1 1* for a 635 nm wavelength 
light beam is provided instead of tiie module 1 1 of Fig. 5. and tiie interference filter 13 of Fig. 5 is modified into an inter- 
so ference filter 13*. Also, a quarter wave plate 2601 is added to the elements of the apparatus of Rg. 5. A 635 nm wave- 
length P polarization light beam completely passes through the Interference filter 13'. while a 635 nm wavelength 8 
polarization light beam and a 785 nm wavelength light beam are completely reflected by the interference filter 13*. Also, 
the quarter wave plate 2601 is optimized for the 635 nm wavelengtii light t>eam. 

The 635 nm wavelength light beam emitted from the laser diode 1 1* completely passes through the interference fl- 
ss ter 1 3* as a P polarization light beam and is incident to the collimator lens 4 which generates a collimated light beam . 
Then, the quarter wave plate 2601 converts a lineariy polarizing light-to-drculariy polarizing light. Then, the drcularty 
polarizing light ffiddent to the holographic optical element 5*. Then, the transmission Gght beam of the holographic 
optical element 5* is incident to the objective lens 6*. and then, is focused at tiie disk A. A reflected light beam from tiie 
disk A is again inckJent via the objective lens 6' to the holographic optical element 5* and passes ttieretiirough. Then. 
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the quarter wave plate 2601 converts a drcufarly polarizing light-to- alinearly polarizirtg light The output of the quarter 
wave plate 2601 is incident as a coiiinnatecl light beam to the collimator lens 4. The transmission light beam of the col- 
limator lens 4 is incident as an S polarization light beam to the interference filter 1 3*. Thus, the S pdarization light beam 
is completely reflected by the interference filter 13' and is received by the pholodetector of the module 12, 

5 On the other hand, the 785 nm wavelength light beam emittaJ from the laser diode of the module 12 is conpletely 
reflected by the interference filter 13' and is incident to the collimator lens 4 which generates a collimated light beam. 
Then, the quarter wave plate 2601 converts a linearly polarizing light-to-elliptically polarizing light. Then, the elliptically 
polarizing light is incident to the holographic optical element 5*. Then. the-1st order diffraction light beam of the holo- 
graphic optical element 5' is incident as a divergent light beam to the objective lens 6\ and then, is focused at the disk 

10 B. A reflected light beam from the disk 6 Is again incident via the objective lens 6' to the holographic optk»l element 5' 
and ts diffracted thereby. Then, the 1/4 vrterference filter 2601 converts an elliptically polarizing light-to-elliptically polar- 
izing light. The output of the quarter wave plate 2601 Is incident as a collimated light beam to the collimator l^s 4. The 
transmission light beam of the collimator lens 4 is incident to the interference fOter 13\ and is conpletely reflected by 
the interference filter 13*. Thus, the light is received by the photodetector of the module 12. 

IS In Fig. 27. which illustrates a fourth embodiment of the present invention, a laser diode 1 2' for a 785 nm wavelength 
light beam provided instead of the module 1 2 of Fig. 5. and the interference filter 1 3 of Fig. 5 is modified into an inter- 
ference fater 13". Also, a quarter wave plate 2701 is added to the elements of the apparatus of Fig. 5. A 635 nm light 
beam and a 785 nm wavelength P polarization light beam completely passes through the interference filter 13", while 
a 785 nm wavelength S polarization light beam is completely reflected by the Interference filter 13". Also, the quarter 

20 wave plate 2701 is optimized for the 785 nm wavelength light beam. 

The 635 nm wavelength light beam emitted from the laser diode of the module 1 1 completely passes through the 
interference filter 1 3" and is incident to the collimator lens 4 which generates a collimated light beam. Then, the quarter 
wave plate 2701 converts a lineariy polarizing light-to-elliptically polarizing light Then, the elliptically polarizing light is 
incident to the hok)graphic optical element 5'. Then, the transmission light beam of the holographic optical element S is 

25 inckient to the objective lens 6*. and then, is focused at the disk A. A reflected light beam from the disk A is again inci- 
dent via the objective lens 6' to the holographic optical element 5*. Then, the quarter wave plate 2701 converts an ellip- 
tically polarizing light-to-lineariy polarizing light. The output of the quarter wave plate 2701 is incident as a collimated 
light beam to the collimator lens 4. The transmission light beam of the collimator lens 4 is incident to the interference 
fiHer 13". and then, completely passes through the interference fSter 13". Thus, the light is received by the photodetector 

30 of the module 1 1 . 

On the other hand, the 785 nm wavelength light beam emitted from the laser diode 12' is reflected by the interfer- 
ence filter 13" as an S polarization light beam and is incident to the collimator lens 4 which generates a collimated light 
beam. The quarter wave plate 2701 convals a linearly polarizing light-to-drculariy polarizing light. Then, the drculariy 
polarizing light is incident to the holographic optical element 5*. Then, the-lst order diffraction light t>eam of the holo- 

3S graphic optical element 5' is incident as a divergent light beam to the ok^ective lens 6', and then, is focused at the disk 
B. A reflected light beam from the disk B is again incident via the objective lens 6' to the holographic optical element 5* 
and is cfiffracted thereby. Then, the quarter wave plate 2701 converts a circularly polarizing light-to-lineariy polarizing 
light The output of the quarter wave plate 2701 is incident as a collimated light beam to the collimator lens 4. The trans- 
mission light beam of the ootlinrtator lens 4 is incident as a P polarization Tight beam to the interference filter 13". Thus, 

40 the P polarization light beam completely passes through the interference filter 13" and is received by the photodetector 
of the module 11. 

Although the third arxJ fourth embodiments are modifk^tlons of the first embodiment, the same nrxxliflcatlons can 
be made in the second embodiment 

In Rg. 28. which illustrates a fifth embodiment of the present Invention, an aperture limiting element 2801 is pro- 
45 vided instead of the holographic optical element 5* of Fig. 5. In this case, there are prepared two types of disks, a high 
density thick disk A* and a low density thid< disk B having the same thickness as Illustrated in Rg. 4. 

A 635 nm wavelength light beam emitted from the laser diode of tlie module 1 1 completely passes through the 
interference filter 13 and is incident to the collimator lens 4 wNch generates a collimated light beam. The collimated light 
t3eam passes through the entire aperture limiting element 2801 to reach the objective lens 6. Then, the light beam 
so passes tirough the objective lens 6 and is focused at the disk A\ A reflected light beam from the disk A' is again incident 
via the ol^ective lens 6 to the aperture limiting element 2801 . Then, the light beam passes through the aperture limiting 
element 2801 and the collimator lens 4 to reach the interference filter 13. Further, the light beam completely passes 
through the interference filter 13 and is received by the photodetector of the module 1 1 . 

Thus, an effective numerkal aperture for the 635 nm wavelength light beam is dependent upon the diameter and 
ss focal length of the objective lens 6. 

On the other hand, a 785 nm wavelength light beam emitted from the laser diode of the module 12 is completely 
reflected by the interference filter 13 and is inddent to the collimator lens 4 which generates a collimated light beam. 
The collimated light beam passes through only a central portion of the aperture limiting element 2801 to reach the 
objective lens 6. Then, the light beam passes through the objective lens 6 and is focused at the disk B. A reflected light 
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beam from the disk B is again incident via the abjective lens 6 to the aperture limiting element 2601. Then, the light 
beam passes through only the central portion of the aperture limiting element 2801 and the collimator lens 4 to reach 
the interference filter 13. Further, the light beam is completely reflected by the interference filter 13 and is received by 
the photodetector of the module 12. 

5 Thus, an effective mumerical aperture for the 785 nm wavelength light beam is dependent upon the diameter of the 
effective central portion of the aperture limiting element 2801 and the focal length of the objective lens 6. 

Fig. 29A is a plan view of a first example of the aperture limiting element 2801 of Rg. 28. and Fig. 29B is a cross- 
sectional view taken along the line B-B of Fig. 29A. Reference numeral 2901 designates a glass substrate on which an 
interference filter layer 2902 and a phase compensation layer 2903 are formed. Also, an aperture 2904 is perforated in 

10 the interference filter layer 2902 and the phase compensation layer 2903, In this case, a diameter D2 of the aperture 
2904 is smaller than an effective diameter D1 of the objective lens 6. The Interference filter layer 2902 completely 
passes the 635 nm wavelength light therethrough, while the interference f ilt«- layer 2902 completely reflects the 785 nm 
wavelength light thereby. The phase compensation layer 2903 adjusts a phase difference between tiie 635 nm wave- 
length light through the interference titer layer 2902 and the phase compensation layer 2903 and the 635 nm wave- 

15 length light passed through ttie air so tfiat this phase difference is brought close to 27l That is, in the outside of the 
aperture 2904, tiie 635 nm wavelengtii light completely passes tfvough the aperture limiting element 2801 . and tiie 785 
nm wavelength light is completely reflected by the aperture linuting element 2801. On the otiier hand, in the inside of 
the aperture 2904. both the 635 nm waveler^ light and the 785 nm wavelength light completely pass through the 
aperture limiting element 2801. 

20 The interference filter layer 2902 can be formed l>y an altemately stacked configuration of an odd nurr4>er of high 
refractive index layers made of TiOg. for example, and an even number of fow refractive index layers made of SiOa. for 
example. In order to obtain a high wavelengtii selection characteristics, tiie following formulae shoukf be satisfied: 

n^ • d^ = n^ • d2 a X/4 

25 

where 

n-i is a refractive index of tiie high refractive index layer; 
n2 is a refractive index of the low refractive index layer; 
30 di is a tiiickness of the high refractive index layer; 

da is a tiiickness of tiie low refractive index layer; and 

Xis785nm. 

35 For example, if the high refractive index layers are made of T1O2 and the tow refractive IrxJex layers are made of 
Si02. n^ = 2.30 and n2 = 1.46. so that d^ » 85 nm and d2 » 134 nm. 
The phase compensation layer 2903 can be made of SiOg. 

Fig. 30A is a plan view of a second example of the aperture lining element 2801 of Fig. 28. and Rg. 30B is a 
cross-sectional view taken afong the line B-B of Fig. 30A. Reference numeral 3001 designates a glass sufc>strate on 

40 which a grating 3002 is formed. Also, an aperture 3003 is perforated in the grating 3002. In tills case, a diameter D2 of 
the aperture 3003 Is smaller than the effective diameter DI of the objective lens 6. The grating 3002 oompletety passes 
the 635 nm wavelength fight therethrough, while the grating 3002 almost completely diffracts the 785 nm wavelengtii 
light thereby, lhat is, in tiie outside of tiie aperture 3003. the 635 nm wavelength light completely passed through the 
aperture limiting element 2801 . and the 785 nm wavelengtii light is almost completely reflected by the aperture limiting 

45 element 2801 . On the otiier hand, in the inskJe of the operture 3303, kxytii the 635 nm wavelength light and tiie 785 nm 
wavelength fight completely pass through tiie aperture limiting element 2801 . 

The pattern of the grating 3002 can be formed by etching the glass substrate 3001 or depositing silicon oxkie on 
tfie glass sut^strate 3001 . If tiie height and the refractive index of the grating 3002 are given by h and n, respectively, 
the transmittance is represented by 

60 

oos^(t^) 

where 4» « 2]i;(n-1)h/X . If h s 4.14 |im and n » 1 .46. 
then 

ss ^ s 6n for X « 635 nm. Therefore, tiie transmittance is 100 %. On the other hand. 

4 e 4.85n for X B 785 nm. Therefore, the transmittance is 5.4 %. 
Fig. 31 A is a plan view of a third example of tiie aperture limiting element 2801 of Rg. 28. and Rg. 31 B Is a cross- 
sectional view taken along tiie line B-B of Fig. 31 A. Reference numeral 3101 designates a glass sdDStrate on which a 
grating 3102, an interference fitter layer 3103 are formed. Also, reference numeral 3104 designates a glass substrate 
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on whic^i a phase compensation layer 3108 is formed. The glass substrata 3101 and 3104 are adhered by adhesives 
3106. Also, an aperture 3107 is perforated in the grating 3102. the interference filter layer 3103 and the phase conpen- 
sation layer 3105. In this case, a diameter D2 of the interference 3107 is smaller than an effective diameter D1 of the 
objective lens 6. The interference filter layer 3103 conrpletely passes the 635 nm wavelength light therethrough, whOe 

5 the Interference filter layer 3103 completely reflects the 785 nm wavelength light thereby. The phase compensation 
layer 31 05 adjusts a phase difference between the 635 nm wavelength lieht passed through the grating 3102, the inter- 
ference filter layer 3103 and the phase compensation layer 3105 and the 635 nm wavelength light passed through the 
adhesives 3106 and the air, so that this phase difference Is brought close to 2ic. 

That is. in the outside of the aperture 3107. the 635 nm wavelength light conpletely passes through the aperture 

10 limiting element 2801 . and the 785 nm wavelength light is completely reflected by the aperture limiting element 2801 . 
On the other hand, in the inside of the aperture 3107. both the 635 nm wavelength light and the 785 nm wavelength 
light completely pass through the aperture limiting element 2801 . 

The pattern off the grating 3102 can be formed by etching the glass substrate 3101 or depositing silicon oxide on 
the glass sut^rate 3101. The grating 3102 does not operate for the light beam which passes through the interference 

15 filter 3103. while it does operate for the reflected light beam which Is reflected by the interference filter film 3103. The 
interference fringes of the grating 3102 can be concentric circular as well as ooncentricaRy linear. If the height and 
refractive irKlex of ihe grating 3102 are given t>y h and n, respectively, the reflectance is represented by 

cos^ {^f2) 

20 

where ^ = 4nn h/X . If h « 1 34 nm and n 1 .46, then 

4» s Tc for X 785 nm. Therefore, the reflectance is 0 %. which means that the 785 mm wavelength light is com- 
pletely reflected by the grating 3102. 

The interference filter layer 3103 can be formed by an alternate stacked configuration of an odd number of high 
25 refractive index layers and an even numtser of low refractive index layers in the same way as the interference filter layer 
2902ofRg.29B. 

The phase compensation layer 3 1 05 can be made of silicon oxide. Also, the adhesives 31 06 has approximately the 
same refractive index as the grating 3102. 

In Rgs. 29A, 29B, 30A, 30B. 31 A and 31 B, if f is the focal length of the objective lens 6, the numerical aperture for 

^ the 635 nm wavelength light is given by D1/2f and the numerical aperture for the 785 nm wavelength light is given by 
D2/2f. Forexample,f«3mm. D1 = 1.56 • 2 mm and D2 = 1.35 • 2 mm, then, D1/2f » 0.52 and D2/2f = 0.45 . There- 
fore, it is possible to read a digital video disk by using the 635 nm wavelength light l)eam and the objective lens means 
(6. 2801) having the numerical aperture of 0.52, Also, it is possible to read a compact disk including a CD-R by using 
the 785 nm wavelength light beam Bxvd the objective lens means (6. 2801) having the numerical aperture of 0.45. 

35 Further, in Fig. 28. it is possible to form the aperture ymiting element 2801 directly on the objective lens 6. 

In Fig. 32. which illustrates a sixth embodiment of the present invention, reference A designates a high density thin 
disk. A' designates a high density thick disk and B designates a tow density thick disk That is, the sixth embodiment as 
Illustrated In Fig. 32 con^esponds to a combination of the second embodiment as illustrated in Fig. 8 and the fifth entxxi- 
iment as illustrated in Fig. 28. Therefore, in Fig. 32, the hotographfo optical element 5" of Fig. 8 and the aperture limiting 

40 element 2801 of Fig. 28 are combined into an aperture limiting holographic optical element 3201 . 

The 635 nm wavelength light beam emitted from the laser diode of the module 1 1 passes through the interterence 
filter 13 and is Incident to the collimator lens 4 which generates a colRmated light beam. The collimated light beam is 
incident to the aperture limiting holographic optical element 3201 . In this case, the light beam from the collimator lens 
4 passes through the entire aperture limiting hofographic optical element 3201. so that the numerical aperture for this 

45 light beam is large. Alsot the aperture limiting holographic optical element 3201 generates a zeroth order (transmission) 
light beam and a + 1st order diffraction Oght beam. The + 1st order diffraction light beam is incident as a convergent light 
k>eam to the objective lens 6**, and then, is focused on the disk A. Also, the transmission light beam is inddent as a col- 
limated light beam to the objective lens 6*. and then, is focused on the disk A\ A reflected light beam from the disk A or 
A' is again incident via the objective lens 6" to the aperture limiting holographic optfoal element 3201 and is split into a 

so zeroth order (transmission) light beam and a + 1st order diffraction light beam at the aperture limiting holographic opti- 
cal element 3201. The + 1st order diffraction ligfit beam from the disk A and the transmission light beam from the disk 
A' passes through the interference f Oter 1 3 to reach the photodetector of the modide 1 1 . 

On the other hand, the 785 nm wavelength light t>eam emitted from the laser diode of the module 12 is r^lected by 
the interference filter 1 3 and is Incident to the collimator lens 4 whfoh generates a collimated light beam. The collimated 

55 light beam is inckient to the aperture limiting hofographic optical element 3201 . In this case, the light beam from tiie col- 
limator lens 4 passes tfrough only a central portion of the aperture limiting holographic optical element 3201. so that 
the numerical apertue for this light beam is small. A zeroth order (transmission) light beam of the aperture limiting holo- 
graphic optical element 3201 is inckient as a coifimated light beam to the objective lens 6**, and then, is focused on the 
disk B. A reflected light beam from tiie disk B is again incident via the objective lens 6" to the aperture limiting hdo- 
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graphic optical element 3201 . The zeroth order (transmission) light beam of the aperture limiting holographical optical 
elen^ent 3201 is reflected by the interference fnter 13 and reaches the photodetector of the module 12. 

In Rg. 32» the objective lens 6" has a spherical aberration capat>le of compensating for a spherical aberration 
caused when the outgoing transmission light beam of the objective lens 6** is incident to the disk A' or B and returns 

5 therefrom. Therefore, the zeroth order (transmission) Gght beam of the aperture limiting holographic optical element 
3201 can be focused at the disk A* or B without aberrations. On the other hand, the aperture limiting holographic optical 
element 3201 has a spherical aberration capable of compensating for a sum of a spherical aberration caused when the 
635 nm wavelength outgoing + 1 st order diffraction light beam of the aperture limiting holographic optical element 3201 
Is inckJent to the disk A and returns therefrom and a spherical aberration of the objective lens 6'* caused when the out- 

10 going 4 1st order diffraction 635 nm wavelength light beam of the aperture limiting holographic optical element 3201 s 
incident to the objective lens 6** and returns therefrom. Therefore, the + 1st order drffraction 635 nm wavelength light 
beam of the aperture limiting holographic optical element 3201 can be focused at the disk A without aberrations. 

Rg. 33 is a cross-sectional view of a first example of the aperture limiting holographic optical element 3201 of Fig. 
32, and Rgs. 34A and 34B are a front plan view and a rear plan view of the aperture limiting holographic optical element 

IS 3201 of Rg. 33. 

As illustrated in Rgs. 33 and 34A. a hologram 3302 is formed on a glass substrate 3301. That is. saw-tooth con- 
centric interference fringes 3302a are provided inskle the area having a diameter D2 smaller than the effective diameter 
D1 of the objective lens 6", and rectangular concentric interference fringes 3302b are provkied outskie the area having 
a diameter D2. In this case, if tiie height of the hologram is 2h, the refractive index is n, and the wavelength of the ind- 
20 dent light is K tiie transmrttance n q and the diffraction efficiency t) ^ ^ of the + l6t order diffraction light Inside the area 
having a diameter D2 are represented by 

n o = (sJn%)/*^ (6) 
25 11 ^i=(sin2*y(<>.«)2 

where t = 2TC(n-1)h/x 

Therefore, if h » 345 nm and n » 1.46, 

30 ^ s n/2 for X a 635 nm 

Then, ti o «n + 1 " 0.405 

Also, 4» B 0.404n for X b785 nm 

35 T| Q cs 0.566 

On the other hand, the transmittanoe ii o and tiie diffraction efficiency t) ^ ^ of the + 1 st order diffraction light outskfe 
the area having a diameter D2 are represented by 

40 tio = cos^t/2) (8) 

n ^,=4«2(sin 2(^/2) (9) 

where ^ = 47i(n-1)h/X 
45 Therefore, if h a 345 nm and n o 1.46, 

^ s n for X a 635 nm 

Then, ti o = 0 

11 ^1 =0.405 

Thus, in the hologram 3302, about 40.5 % of the 635 nm wavelength light beam passes through the area having a 
diameter D2 as a transmission light beam, and about 40.5 % of the 635 nm wavelength light beam is diffracted by the 
65 area having a diameter D1 as a -i- Ist order diffraction light beam. Also, about 56.6 % of the 785 nm wavelength light 
beam passes tiirough the having a diameter D2 as a transmission light t>eam. 

Thus, the hologram 3302 can compensate for the above-descrOsed spherical aben^ation of the + 1 st order diffraction 
635 nm wavelength light t>eam. and also can serve as a convex lens for the 1st order diffractbn 635 nm wavelength 
light beam. As a result, the focal point of the 1 st order diffraction ight beam at the disk A is near from the focal point 
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of the transmission light beam at the disk A* or B, so that the cfistance between the surface of the disk A and the objec- 
tive lens 6" can be about the same as the distance between the surface of the disk A* or B and the objective lens 6". 

As iliustrated in Rgs. 33 and 348, an interference filter layer 3303 and a phase compensation layer 3304 are formed 
on a glass sutrstrate 3301 . Also, an aperture 3305 is perforated in the interference filter layer 3303 and the phase com- 

5 pensation layer 3304. In this case, a diameter D3 of the aperture 3305 is smaller than the diameter D2. The interference 
filter layer 3303 completely passes the 635 nm wavelength light therethrough, while the interference filter layer 3303 
completely reflects the 785 nm wavelength light. The phase compensation layer 3704 adjusts a phase difference 
between the 635 nm wavelength lieht passed through the interference filter layer 3303 and the phase conrpensation 
layer 3304 and the 635 nm wavelength light passed through the air so that this phase difference is brought close to 2k. 

10 That is. in the area outside of the aperture 3308. the 635 nm wavelength light completely passes therethrough, and the 
785 nm wavelength light is completely reflected Iherety. On the other hand, in the inside of the aperture 3308, both the 
635 nm wavelength fight and the 785 nm wavelength light completely pass therethrough. 

The interference filter layer 3303 and the phase compensation layer 3304 can be formed in the same way as the 
Interference filter layer 2902 and the phase compensation layer 2903 of Fig. 29B. 

15 Fig. 35 is a cross-sectional view of a second example of the aperture limiting holographic optical element 3201 of 
Rg. 32, and Rgs. 36A and 368 are a front plan view and a rear plan view of the aperture limiting holographic optical 
element 3201 of Rg. 35. 

As illustrated in Figs. 35 and 36A. a hologram 3502 is formed on a glass substrate 3501 . That is, staircase concen- 
tric interference fringes 3502a are provided inside of the area having a diameter D2 smaller than the effective diameter 
so D1 of the objective lens e*** and rectangular concentric interference fringes 3502b are provided outside the area having 
a diameter D2. In tNs case, if the height of the hologram is 3/2, the refractive index is n. and the wavelength of the inci- 
dent light is X , the transmitlance x\ q and the diffraction efficiency n i of the + 1 st order diffraction light in the area hav- 
ing a diameter D2 are represented by the above-described formulae (3) and (4). 
Therefore, if h s 345 nm and n s 1.46, 

4) B 7c/2 for X B 635 nm 

Then, n o = 0.427 

50 ll+TaO.346 

Also. 4> = 0.40471 for X =785 nm 
Then, n q = 0.58B 

On the other hand, the transmittance r\ q and the diffractk)n efficiency ii ^ of -i- let order diffraction light outskJe 
35 the area having a diameter D2 are represented by 

11 0 = cos ^(♦72) (10) 

n ♦i=(4/n')sin^*/2) (11) 

40 

where ^ = 3n(n-1)h/A. 

Therefore, If h s 345 nm and n « 1.46. 

^ o 3ic/4 for X B 635 nm 

45 

Then, 11 0 =0.146 

11 ^,«0.346 

Thus, in the hologram 3502. about 42.7 % of the 635 nm wavelength light beam passes through the area insidethe 
so area having a diameter D2 as a transmission light beam, and about 1 4.6 % of the 635 nm wavelength light beam passes 
through the area having diameter D2 as a transmission light beam. Also, about 34.6 % of the 635 nm wavelength light 
beam is diffracted by the area having a (£ameter D1 as a -f 1st order diffraction light beam. Therefore, the efficiency of 
the outgoing and incoming 635 nm wavelength ight beam is 18.2 % in the area Inside the area having a diameter D2 
and 2.1 % In the area outside the area having a cfiameter D2. The latter efficiency is neglible as compared with the 
55 former efficiency. Also, at)out 58.5 % of the 785 nm wavelength light beam passes through the area having a diameter 
D2 as a transmission light beam. 

Thus, the hologram 3402 can compensate for the above-described spherical aberration of the -i- 1 st order diffraction 
638 nm wavelength light beam, and also can serve as a convex lens for the + 1st order diffraction 638 nm wavelength 
light beam. As a result the focal point of the 1st order diffraction light beam at the disk A is near from the focal point 
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of the transmission light beam at the disk A* or B. so that the distance between the surface of the disk A and the objec- 
tive lens 6" can be akXHit the same as the distance between the surface of the disk A' or B and the objective lens 6". 

As illustrated in Rgs. 35 and 368, a grating 3504 and an interference filter layer 3505 are formed on a front surface 
of a glass substrate 3503, and a phase compensation layer 3506 is formed on a rear surface of the glass substrate 

5 3503. in this case, the glass sub^rates 3501 and 3503 are adhered by adhesives 3507. Also, an aperture 3508 Is per- 
forated in the grating 3504. the interference filter layer 3505 and the phase compensation layer 3506. In this case, a 
diameter D3 of the aperture 3508 is smaller than the diameter D2. The interference filter layer 3505 completely passes 
the 635 nm wavelength light therethrough, while the interference f flter layer 3505 completely reflects the 785 nm wave- 
length light thereby. The phase compensation layer 3506 adjust a phase difference between the 635 nm wavelength 

10 lieht passed through the grating 3504. the interference filter layer 3505 and the phase compensation layer 3506 arxf the 
635 nm wavelength light passed through the adhesives 3507 and the air, so that this phase difference is brought dose 
to2n. 

That is, in the outskle of the aperture 3508, the 635 nm wavelength light completely passes through the aperture 
limiting hokigraphic optical element 3201 , and the 785 nm wavelength light is completely reflected by the aperture lim- 
15 iting holographic optical element 3201 . On the other hand, in the inside of the aperture 3058. both the 635 nm wave- 
length light and the 785 nm wavelength light completely pass through the aperture limiting holographic optical element 
3201. 

The hologram 3502 can be formed in the same way as the holograpNc optical element 5' as illustrated in Figs. 6A 
and 6B. 

so The grating 3504, the interterence filter layer 3505 and the phase compertsation layer 3506 can be formed in the 
same way as the grating 3102. the interterence fitter layer 3103 and the phase compensation layer 3105 of Fig. 31 B. 

As explained hereinabove, according to the present invention, an optimum reading operation can be carried out for 
two or more different types of disks In which the thickness is different and/or the density is different. 

25 Claims 

1 . An optical head apparatus comprising: 

a first light source (12, 1 1) for emitting a first light beam having a first wavelength; 
so a second light source (1 1 , 1 2) for emitting a second light beam having a second wavelength cfifferent from said 

first wavelength; 

optical combining means (13) for combining saki first light beam and sad second light beam; 
a holographic optical element (5*. 5**) for receiving said first light beam and sakf second light beam from said 
optical combining means to generate a zeroth order light beam of said first light beam and one of ± Ist order 
35 diffraction light beams of sad second light beam; 

an objective lens (6*. 6**) for converging sakJ zeroth order light beam at a first optical recording medium (A, B) 
havirtg a first thickness and converging sakJ one of ± Ist order diffraction light beams at a second optical 
recorcfing medium (B, A) having a second thickness different from said first thlctoiess; 
photodetector means (11, 12); 

40 a first reflected light beam of said zeroth order Gght beam reflected by said first optical recording medium pass- 

ing through sakJ objective lens, said holographto optical element and saktoptical combining means to sad pho- 
todetector means, 

a second reflected light beam of sad one of ± 1 st order diffraction light t>eams reflected by said second optical 
recording medium passing tiirough sad objective lens, sad holographic optical element and said optical com- 
45 bining means to sad photodetector means. 

2. The apparatus as set forth in daim 1, wherein sad objective lens has a spherical aberration capable of compen- 
sating a spherbal abenration caused when sad zeroth order light beam Is incdent to said first optical recording 
medium ard returns from sad first optical recording medium, 

so sad hblographk: optical element havirig a spherical aberratiori capable of compensating a sum of a spheri- 

cal aberration caused when sad one of ± 1st over diffraction light beams is Incdent to sad second optical recording 
medium and returns from sad secord optical recording medium and a spherical abenration caused when said one 
of ± 1st order diffraction light beams is Incdent to said objective lens and returns from sad objective lens. 

65 3. The apparatus as set forth in daim 1 or 2. wherein sad hodgraphic optical element comprises: 

a glass substrate (501); and 

concentric interference fringes on an area of sad glass subsbBte, sad area having a diameter smaller ttian an 
effective diameter of sad objective lens. 
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4. The apparatus as set forth in claim 3. wherein said concentric imerference fringes have a muKilevd staircase cross- 
section. 

5. The apparatus as set forth in claim 1 or 2. wherein said holographic optical element corrprises: 

5 

a glass substrate (501); 

concentric interference fringes on a first area of a front surface of said glass substrate, said first area having a 
diameter approximately the same as an effective diameter of said objective lens; 
an interference filter layer (509); and 
10 a phase compensation layer (51 0). 

said interference filter layer and said phase compensation layer being formed outside a second area of a rear 
surface of said glass suk>strata said second area having a diameter smaller than the effective diameter of said 
objective lens. 

15 6. The apparatus as set forth in claim 5, wherein said concentric interference fringes have a multilevel staircase cross- 
section. 

7. The apparatus as set forth in any of daims 1 to 6, v^erein said photodetector means comprises first and second 
photodetectors. 

so said optical combining means splitting said first and second reflected light beams for said first and second 

photodetectors, respectively. 

8. The apparatus as set forth in claim 7, wherein said optical combining means transmits one of said first and second 
light beams ar^f one of said first and second reflected light beams and reflects tiie other of said first and second 

25 light beams and the other of said first and second reflected light beams. 

9. The apparatus as set fbrtti in daim 7 or 8. wherein said optical combining means comprises a polarizing beam split- 
ter, 

tiie one of said first and second light beams emitted from said first and second light sources being a P polar- 
30 ized light beam. 

the other of said first and secondlight beams emitted from said first and second light sources being an S 
polarized light beam. 

1 0. The apparatus as set forth in any of claims 1 to 6, wherein said photodetector means comprises a single photode- 
35 tector, 

said optical combining means transmitting one of said first and second light beams and reflecting tiie otiier 
of said first and second light beams and said first and second reflected ight beams. 

1 1 . The apparatus as set fbrth in claim 1 0, wherein said optical combining means comprises an interference filter (IS*), 
40 tfie one of said first and second light beams emitted from said first and second light sources being a P polar- 
ized light beam, 

the other of said first arid second light beams emitted from said first and second Ight sources being a P 
polarized light beam, 

said first and second reflected light beams being S polarized light beams.. 
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12. The apparatus as set forth in any of claims 1 to 6. wherein said photodetector means comprises a single photode- 
tector, 

said optical combining means transmitting one of said first and second light beams and said first and second 
reflected light beams and reflecting the other of said first and second light beams . 



13. The apparatus as set forth in claim 12, wherein said optical combining means comprises an interference filter (13"). 

the one of said first and second light t>eams emitted from said first and second light sources being an S 
polarized light beam. 

tiie other of said first and second light beams emitted from said f ir^t and second light sources being an S 
55 polarized light beam, 

said first and second reflected light bean^ being P polarized light beams. 

14. The apparatus as set fortti In any of daims 1 to 13, wherein said holographic optical element (3201) further com- 
prises an aperture limiting element for passing one of said first and second light beams and one of said first and 
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Gecond reflected light beams within a first window smaller than an effective area of said objective lens and passing 
the other of said first and secorvl Ught beams and the other of said first and second reflected light beams within a 
second window approxinr\ately the same as the effective area of said objective lens» 

said objective lens converging one of ± Ist order diffraction light beams of said first light beam at a third opti> 
5 cat recording media (A*) having one of said first thickness and said second thidoiess and having a different record- 
ing density from one of said first and second optical recording medium. 

15. The apparatus as set forth in claim 14. wherein said aperture limiting element comprises: 

10 a glass substrate (3301): 

an interference filter layer (3303); and 
a phase compensation layer (3304), 

said interference filter layer and said phase compensation layer being formed outside of an area of said gl£^ 
substrate, said area defining said first window. 

15 

16. The apparatus as set forth in claim 15, wherein said holographic optical element comprises a hologram (3302) 
including a saw-tooth cross-section portion (3302a) and a rectangular cross-section portion (3302b) formed on said 
glass substrate, said saw-tooth cross-section portion being largen than said first coindow and smaller than said 
second window. 

20 

17. The apparatus as set forth in claim 14, wherein said aperture limiting element comprises: 

a first glass substrate (3501); 
a second glass substrate (3503); 
25 a grating (3504); 

an interference filter layer (3505): and 
a phase compensation layer (3506). 

said grating, said interference filter layer and said phase compensation layer being formed outside of an area 
of said glass substrate, said area defining said first window. 

30 

18. The apparatus as set forth in daim 17, wherein said holographic optical element comprises a hologram (3502) 
including a multilevel staircase cross-section portion (3502a) and a rectangular cross-section portion (3502b) 
formed on said first glass substrate, said multilevel staircase cross-section portion being larger than said first win- 
dow and smaller than said second window. 

35 

19. An optical head apparatus comprising: 

a first light source (1 1, 12) for emitting afirst light beam having a first wavelength; 

a second light source (1 1 , 12) for emitting a second light beam having a second wavelengtii (Afferent from said 

40 first wavelengtii; 

optical combining means (13) for combining said first light beam and said second light k^eam; 
an objective lens (6) for converging said first light beam at a first optical recording medium (A*) having a first 
recording density and converging said second Gght beam at a second optical recording media (B) having a sec- 
ond recording density different from said first recording density; 

45 an aperture limiting element (2801), provided between said optical combining means and said objective lens, 

for passing said frst light beam and a first reflected light beam of said first light beam by said first optical 
recording medium witfiin a first window approximately the same as an effective area of said objective lens and 
passing said secorxl Eght beam and a second reflected light beam of said second Gght beam by said second 
optical recording medium within a second window smaller than tiie effective area of said objective lens and; 

so photodetector means (11. 12) for receiving said first and second reflected light beams passing through said 

objective lens said aperture limiting element and said optical combining means. 

20. The apparatus as set forth in claim 19, wherein said opening limiting element comprises: 

55 a glass substrate (290 1 ) ; 

an interference filter layer (2902); and 
a phase compensation layer (2903), 

said interference filter layer and said phase compensation layer being formed outside of an area of said glass 
suk)strate, said area defining said second window. 
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21. The apparatus as set forth in claim 20. wherein said interference filter layer comprises an alternately stacked con- 
figuration of an odd number of high refractive index layers and an even number of low refra^e index layers, to sat- 
isfy the foOowing: 

where 

n^ is a refractive index of said high refractive ind^ layers, 
di is a thickness of said Ngh refractive Index layers, 
n2 is a refractive index of said low refractive index layers, 
d2 is a thickness of said low refractive index layers, and 
X is said second wavelength. 

22. The apparatus as set forth in claim 19, 20 or 21 , wherein said opening limiting element comprises: 

a glass substrate (3001); and 
a grating (3002). 

said grating being formed outside of an area of said glass substrate, said area defining said second window. 

23. The apparatus as set forth in claim 19, 20 or 21, wherein said aperture limiting element comprises: 

a first glass substrate (3101); 

a grating (3102) formed on said first glass substrate; 

an interference filter layer (3103) formed on said first glass substrate; 

a second glass substrate (31 04): and 

a phase compensation layer (3105) formed on said second glass substrate. 

said second glass substrate being adhered to said first glass substrate by adhesives, 

said grating, said interference filter layer and said phase compensation layer being formed outside of an area 

of said glass substrates, said area defining said second window. 

24. The apparatus as set forth in claim 23, wherein said interference filter layer comprises an alternately slacked con- 
figuration of an odd number of high refiractive index layers and an even number of low refractive index layers, to sat- 
isfy the following: 

n^ • d, sng • d2 

where 

n^ Is a refractive index of said high refractive index layers. 

di Is a thickness of saki high refractive Index layers. 112 is a refractive index of said low refractive index layers, 
da Is a tfifokness of sakj low refractive Index layers, arxl 
X is sakJ second wavelength. 
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